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N a Paper which I had the honour to prefent to the Royal 
Society in the year 1773? I Iketched the following propo- 
fitions, as fundamental for the conflruftion of an hygrometer. 
I ft, That jfr<?, confidered as the caufe of heat^ was the only 
agent by which ahfolute drynefs could ht immediately produced 
(§ SO* ^^9 That w^/^r, in its liquid ftate, was the only fu re 
immediate means of producing extreme moijiure in hygrofcopic 
bodies (§ 8* andj^§'.)* ^^^ That there was no reafon, a priori^ 
to exped, from any hygrofcopic fubftance, that the meafurable 
Vol* LXXXL B effeas 
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effeBis pro&ced Iti it by motflurt wei^ pfop^rtioMl to rEe ib* 
tenfities of that caufe ; and, confequOTtly^ that a tt^^ hygro^ 
metrical fcale was to be a particular objeft of inquiry (§ 2.), 
4th9 laftly, That perhaps the comparative changes, of the 
dimenjtons of a fubftance, and of the weight of the fame or 
other fubftance, by the fame variations of moijliire^ might lead 
to fome difcovery in that refpeft (§ 72.)« The fame propoii-* 
lions v^ill be the fubje£t of this Paper. 

Of ahfolutt kjnefsm 

I. AnhygrofcopichodLj^ which Is not brought into conta<fl 
with any other body drier thaia itfeif, cannot lofe any part of 
its moijiure but hy evaporation ; and if this is intirely produced 
hyjire^ there may be fuch a degree of heat as will caufe the 
total evaporation of that moijiure^ This is the principle on 
which the above firit propofition was founded ; but at the fame 
time I mentioned, that I had not brought it into pradice, be- 
caufe of the impoffibility of fubmitting the fubftance of the 
hygrometer to fuch a degree of heato However, I foon removed 
that difficulty by conliderlog, that the degree of heat neceffary 
to produce extreme drynefs^ niight be applied to fome fubftance 
that could bear it ; and that ^;i£/} be tranfmitted to the hygro- 
meter^ by inclofing it with that fUMIance in a proper vefleL 
The fubftance I chofe was ^^j^^ ; and I prepared, for this and 
fome other hygrometiical purpofes, an apparatus which was 
made by MeC Nairne and Bi-unt in i 776. But a new 
objection flopped me again in that pnrfoit, and led me for fome 
time to a very great and^ now almoft ufelefs labour. The 
degree of drynefs produced by pota/h fo ufod, conld be only 
proportionable to the degree of heai i/hat it had received ; and 
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itot conceivifig yet any known limit to the intenfity of beat^ 
I could not expe£!: any iirait to drymfi^ nor even a fixed degree 
of it. 

2. I remained at that pointj with however a comfarahk hy- 
grometer laboriouiy conftrudled, till I came to conceive, that 
heat xtixxik ba at its mammum in a body, when it is incan*^ 
'^^^W; which opinion I have explained in my work, Idiesfur 
la Meteor ohgle. From that fir ft. idea I food after concluded | 
that every hygrqjcopk fubftance, which could retain that pro- 
perty after having been brought into ineandefcence^ would 
anfwer my firft purpofe. The foilowing is the theory refult- 
mg from the whole of the above confiderations, ift, The 
hygrofcopic fubftance which has the moft capacity for moijiure^ 
and receives it the moft readily, being placed in any quantity ia 
' a given fpace, cannot bring that fpaee to a degree of drynefs 
greater than its own; and if that degree is undetermined, it 
cannot afford mif Jlxed pomt for the hygrometer. 2d, The 
hygrofcopic f\ibft:anee which has the frnalleft capacity for moif^ 
iure^ and is the floweft in receiving it, if it is really reduced to 
€%tremt drynefs^ will have the power of producing it in a given 
fpace, proviided its fmall capacity be compcnfated by a greater 
quantity, and its flownefs by more time. 3d, Every hygro^ 
J^e?^^ fubftance, which may be bix>ught to whitt heat ^IthoiM 
lofing its property, is fit Xx> ^xodxK^c e^^trtme drynefs in a clofe 
i^ace. 4th, It is indifferent for that purpofe, that the fub- 
ilance ufod be of the clafs which has a chemical affinity with 
Wi;?/^r^ it being fufficient that, after having been reduced to 
extreme drynefs^ it be ftill capable of receiving it from the am- 
bient medium^ as may every porous fubftance. 5th, But for 
the pradicai purpofe of fixing the point of extreme drynefs on 
hygromtters^ fuch a fubftance muft be chofen as^ with a great 
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capacity fot motjlure^ receives it but flowlys as by that fir ft pro- 
perty it may be taken in lefs quantity ; and by the laft, it will be 
lefs fubje£t to acquire a fenfible quantity of moijiure in the time 
neceffary for the operations. 

3. P^/-^ and fome other alkaline fubftances afforded the 
fir ft of thofe properties, but not the laft ; and I had not fixed 
on any fubftance, when, being at Birmingham in the autumn 
of 1783, Mr. James Watt informed me, that his friend Dr« 
Black had found n\ qukklime a great capacity for moijiure^ 
and much flownefs in retaking it: this he knew, by having 
kept a long time the (ame ime in a clofe veffel, for drying falts 
and capillary tubes for thermometers. Thefe were the very 
properties I wanted for my purpofe, which thereby I executed 
as foon as I came home. I made thofe firft operations in fmall 
glafs veflelsj ufing old iime^ which I brought again to wM^ 
heat every time I ufed it. Thefe firft trials agreed with my 
theory in its firft point ; that of producing conftantly the fame 
degree of ^ry/^g/} : as for the fecond, namely, whether that 
degree was extreme^ it depended on other experiments. 

4. Being fure then of a fixed degree of drynefs, the number 
of experiments I undertook made me wifti for a means of 
avoiding the frequent repetitions of bringing again my lime to 
white heat I and having found one which has fucceeded, I am 
going to defcribe the apparatus. The veffel, fig. i. is of tin, 
3 feet high and i in diameter. A glafs plate a^ a^ a, a^ is fixed 
at the top, forming a vertical fedion of the cylinder at i 
inch diftance forwards from the axis. A woven brafs- wire 
cage^, b, b, b, is fixed in the veflel through its diameter, in 
order to keep a fpace for the inftruments; for the fame pur- 
pofe it is open at the top, and alfo oppofite the glafs, where 
the dials of the inftrmB^nts are to be feen. For my experi« 
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ments, which required laftruriients of various ilzes, I made 
that cage iS inches ^high and a deep ; but it may be much 
imailer for common hygrometers. The whole veflel, except 
that fpace, has been filled, through the openings c^ c^ with 
quicklime Xdktn from the kiln, and fufFered only to lofe the 
red heat ; after which the openings were covered with heaps of 
the fame iime^ which abforbed the moifture of the air entering 
the veffel while it was cooliiig, and then the openings were 
ihut with tin plates and putty* The top of the vefiel has four 
fquare Openings ^5 i, 4 ^? correfpondent to the wire cage, for 
the in^rodudion of the inftruments, which are hung to hooks« 
I ufe a hooked wire for putting in or taking out the inftru* 
ments, to avoid bringing my fingers near the openings. Thefe 
are kept fhut with tin plates and putty : I never open but one 
at a time, which I leave open as little as poffible ; and to pre- 
vent the introdu£tion of the external air in thofe fhort opera- 
tion s, I make them as nearly as poffible at the fame tempera- 
ture, which bemg 60'' of Fahrenheit may be obtabed in 
every feafon. With thefe precautions, and alfo by moift air 
being lighter than dry air, there is fcarcely any moifture intro- 
duced in the veffel except by the inftruments themfelves. 

5. This application of my method afforded me a very ftrong 
confirmation of the praftica] fixity of the point of drynefs pro- 
duced in that manner by lime : for the apparatus was different 
from the former ones ; i ft, by the quantity of the lime ; 2d, by 
the lime having been put very hot into the vellel, while, when 1 
ufed glafs veflels, I had fuffered it fometimes to cool down to 
60""; 3d, by that A*/;^^ being of the firft calcination, inilead of 
old lime brought again to white heat ; and all thefe differences 
produced no fenfible efFed on the point of drynefs. Since that 
time MelT. Nairne and BlunTj, Mr. Hueter, and Mr. 
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HaaSj have made 'apparatufes of the fame khid, and I have 
made myfelf fome others of different fizes and fhapes ; and 
they. all produce feiiiiblj the fame degree of irynefs. 

6. The defcribed apparati^s Was ready in the month of 0£to- 
ber, 1787, and I put in it one of my ^x^hygrometers \ which^ 
in a few days, came to its fixed pouit of drynefs^ and there it 
has remained ever iince^ though I have opened the veflel above 
four huiidred times. That degree of conllancy, much beyond 
my expecflatidn, has enabled me to make a variety of ex- 
periments, which elfe had been next to impoiiible : it pro- 
ceeds partly from the great capacity oi quicklime for moifiure^ 
which I (hall determine hereafter ; and partly from its flownefs 
in receiving it ; which cirCumftances, added to the fmall fize of the 
openings, to their being at the top of the veffel, and to the care 
of putting in aild taking out the inftruments nearly at the fame 
' temperature, prevents the lime from acquiring any fenfible 
degree of mot/lure during, thefe operations. 

7. I did not truft at firft the apparent continuance of the 
fame degree of drynefs in that veflel. At the end of nine 
months of frequent ufe, I began to fear^ left the whalebone^ 
of wKizhth^Jiandard hygrometer is made, had been impaired ; 
and I took it out, to try its point of extreme moijlure (of which 
I (hall fpeak hereafter ;) but it came exa£lly to that point, and 
when put again into the lime- veflel it returned where it flood 
before. 1 have repeated many times that trial, with the fame 
refult ; the laft time was at the end of three years, when, 
inftead of a lofs of expanfibility in the whalebone^ I found a 
fmall increafe, but probably accidental ; it went a little farther 
than its point of extreme moijlure^ and came back to its con- 
ftant point of drynefs. 

8. The 
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8. The pruiciples of hygrometry beiiig now my only objeflj 
it would not be proper to enter into particulars on its pradllcal 
part; but I (hall here mention for once, that the fleadieft hy^ 
grofcopic fabftances are fubjedt to anomalies : for inftanee, after 
an hygrofcope has remained fixed in water for many hours, if it is 
taken out^ fuffered to dry a little, and then put again into water ^ 
it may fpmetimes happen to overpafs that point. In the 
fame manner, after an hygrofcope has been long fixed in the 
lime-veffel, it ajay happen alfo, that in taking it out only for 
a quartet of an hour* and putting it in again, it will mo?e a 
little farther than it was before. Again, if in taking it out of 
the lim^-vejfel^ where it had long remained fixed, it is put into 
water^ and then back into the Ume^veJJil^ it may happen, that 
it will fix itfelf a little ihort of its former point, and never move 
thence, except by repeated greaj variation s of heat ; but iify when 
it ihew5 tliat difpofition, it is taken out for a ftiort time^ and put 
in again, it will then attain its uil^al point. This was the 
cafe in the lafl: trial of icBfJiandard. Laftly, the fame anoma- 
lies may take place at every other point of the fcale of .mttj 
hygrofcope, only more or lefs according to the fubftances; 
ibme of which, ibr that realbn, pannot be ufed for pradical 
hygrometry. 

9. Thofe anomalies of the fteadleft hygrofccpic fubftances, 
fvill probably prevent pur ever having in the hygr&meter an 
inftrument nearly fo exaft as the therm§meter ; and this I was to 
premife,|hat when 1 mention the refults of particular, ^jgri^/c^^JiV 
experiments, it may be underftood^ that they have only the 
degree of exatoefs that belong to their elafs. Luckily thofe 
anomalies are yet of no confequence for the great objeflrs of ij- 
grology and meteorology ith^ prefent ftate of kygrometry being fuf- 
ficient to excite on thofe objeds^queftions of great importance for 
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natural philofophy. And ia the mean time thofe anomalies 
are very interefting in themfelves ; as, from their laws, they 
feem to pouit out forae modification oi cohefion^ as being the 
immediate caufe of elajlicky \i\ jolids. If I can find time to put 
in order a number of obfervations and experiments I have 
made in that refpeft, I intend to make it the fubje£t of a 
Paper, in which I ihali examine, from a general refult of 
thofe phaenomena, the comparative ufe of weights and Jprings 
for keeping ftretched the hygrofcopic fubftance in hygrometers. 

ID. After fixity in the degree of drynefs produced by lime 
in the manner I have explained, the next point to be.examined 
in refpeft of my theory, was, if the nature oi the fubftance 
brought to ^ white heat^ had any influence on the degree of 
drynefs thereby produced ; and in order to try at once the effeii 
of a very great difparity, I chofe fuch a fand-Jione as is not 
affeded by aclds^ and ftrikes fire from fteel, before and after 
having been incandefcent. The firft experiment I made was 
with a view of finding the comparative capacities for moijiure 
between th^t fione and lime. For that purpofe I took fuch 
pieces of them as might be readily reduced to half an ounce 
while incandefcent ; which being done, I put them into brafs 
cups, fitted to a fcale, and I inciofed them under a 
giafs veffel inverted over water. I weighed thofe fubftances 
from time to time; each of them continued to acquire^ weight 
during five weeks i at which time the fand-ftone had gained 
-2-4-6- P^^^ ^f its original weighty and the lime i-i-^- : this lall was 
at that time all cracked and fallen in fmall fragments, eafily 
reduced to powder; tht fand-ftone ftruck fire as before. I next 
prepared a cylindrical tin veilel, lo inches in diameter and 14 
inches high, with a glafs top, which I filled with fragments 
of xh^tftone^ treated as the lime ; and when it was cooled, I 
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put into it ni hygromeier^ whoih fixed point oidrym/shzB been. 
taken in the lime apparatus : and jo five weeks it was fixed to 
the fame point. This is a demonftration; that t\\t nature of the 
fubftance does not interfere with the degree of ^rj^^ produced^ 
and that incandefcence is the only caufe of its^/f^vVj;, 

I !• Laftljj in refpecl oi hygrometry^ a degree oi drynefs thus 
detef mined might have been fufficient ; but for hyg^'^ohgy^ 
and even for natural philofophy in general, it was defirable to 
difcover if thatj?^^^ degree of drynefs was alfo ahfolute % and the 
following are the confiderations which diredted me in that en- 
quiry : if evaporation is produced by heat only, and if incan- 
defcence is the maximum of heat ; an hygrofcopic body, which 
is brought to incandefcence^ cannot contain any ^t?^^e?r^^/^ water ; 
and if that body has fuch a mafs, as to be capable of abforbing 
all the water evaporated ii\ a certain fpace, without acquiring any 
meafurable moifiure^ that fpace may be called abfolutely dry. 
Now, if an i6j/^r^^//V fubftance which is inclofed in that fpace, 
contains any fenfible quantity of evaporable water, when heat 
increafes, that fubftance muft lofe a part of its moijiure m the 
medium^ and take it back by the dioiinution of heat, Confe- 
quently there was a means of difcovering, if /^j^r^c^^^/cfubftances, 
reduced to the above degree oi drynefs^ ftiir retain a fenfible 
quantity of evaporable water; it wms that of obferving tl>eir 
*ze?^%^/, by changes of heat: and from thefe previous confiderations 
I made the following experiments. 

12, I hung fuccefiively to a very fenfible ^^^//i, ftiewlng the 
changes of weight by an /W^;t?, ditferent forts of vegetable and 
animal fubftance?, the beam being inclofed in a glazed tin- 
veflel, containing a fufficient 'quantity of ^'^/ci/////^^^ and dur- 
ing the operations, I produced from tirtie to time great changes 
in the temperature of the veffeL As long as thefe fubftances 
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retained a fetiiible quantity of evaporable water, the increafe of 
heat made them lofe feme weighty which they regained partly 
when the heat returned to the fame point. But that efFe£l di- 
miniflied by degrees ; and, at laft, a change of 30'' ot Fahren- 
heit did not produce any fenlible change of weight in thofe 
fubftances, though they were fuch as had a great capacity for 
moijiure. An hygrometer placed near the heam^ was then at 
the point taken in the iime-n)e[rel. That iingle experiment con- 
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|irm§ all the previous confiderations from which 1 had expefted 
ahjolute drynejs from incandejcence. 

Of extreme molfiure. 

13. The fecond propolition I had fketched in my firft paper^ 
is this «« t\\2X water ^ in its liquid ftate^ p^^only fure immediate 
*' means of producing extreme moijiure in hygrojcoplc bodies.'* 

\^: MoiJIure^ the nature of which we are firft to determine^ 
may be confidered in three different cafes.- — ift, In fubftances 
which have an #/2//y with water i by which their molecule 
and thofe of water mzj unite, and form a new compound.— 
adly. In fubftances which have no affinity m\t\x water ^ but to 
which water has a tendency to adhere; by which caufe it 
enters their capillary pores.— ^A\j,\i\ the medium^ or fpace free 
from vifible bodies. I have not undertaken to difcover what, 
in the firft of thefe cafes, might properly be called moijiure^ and 
11% degrees % as I forefaw great difficulties in that undertaking, 
which befides was unneceffary to my principal purfuit : 
therefore I come immediately to the fecond cafe. 

15. When I wrote my ^oxkldeesfur la Mkiorologie, having 
not yet made fome experiments I had in view to verify the opi- 
nion I entertained, that vegetable and animal fubftances., as 
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well as the porous mineral ones, received water merely by the 
faculty of capillary pores^ I ufed fometimes the expreffion hy-> 
grofcopic affinity^ in treating of the by gofer opic equilibrtum ; hut 
before that work was come out of the prefs, having converfed 
on that objed: with Dr. Blagden, and found him inclined to 
that opuiion, I had time and. opportunity to exprefs it, in 
§ 276, as follows : " There are reafons to doubt, whether fome 
^' of the fubftances, which fhare amongft them the wafer dif'-- 
^' feminated in a fpace, do not fuck it, by a faculty fimilar to 
*^ that of capillary tubes^ without any chymical affinity with 
^^ water r That opinion will be now confirmed by the fol- 
lowing experiments. 

16. I ft. Exp. Sugar has an affinity with water^ and no fen- 
fible one with alcohol : however, a lump of fugar will imbibe 
this laft liquid as readily as the firft. Confequently, water is 
not imbibed by fugar in confequence of their affinity ; iince 
alcohol is alfo imbibed \ they both afcend in fugar ^ by the faculty 
of its capillary pores^ as they do in fand-flone or in fpunge^ 
But when water has thus entered fugar ^ it diffolves it ; which 
then is a chymical c&cd: ; whereas alcohol evaporates, and leaves 
the fugar fenlibly as it was before. 

17. 2d. Exp. If w^/^r penetrated hygrofcopic fubftances of 
the vegetable and animal kinds, by an affinity with them, it 
would not be natural to expe6t, that other liquids, which do 
not (hew an affinity with the fame fubftances as water, fhould 
penetrate the above-mentioned fubftances. Being led by that 
confideration, I made two hygrofcopes of different elaftic animal 
fubftances J and after having marked the point vi^here they 
ftood in water, I immerfed them fucceffively in alcohol and in 
ether ; by which liquids they were expanded nearly as much as 
by water, and they contracted as much in coming out of them. 
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In thofe experiments a fingular phenomenon happened in both 
hygrofcopes. The firft efFeft of the immerjfiion of thofe ammal 
fubftances in alcohol (and I fnppofe it would haVe been the fame 
with vegetable ones) was contraBim^ foon followed ky e.vpan^oni 
and when they came ont into the air^ the firfl: efFe£l was expanjion^ 
foon followed by contra&wn.. The caufe of that reciprocal pha^- 
nomeoon is nndonbtedly the afiniiy of aicohJ with waien In 
the immerlion, fome of the moi^ure czme out of the fubftance, to 
tioite with the furrounding akohl; by which lofs ofwater^ a €on* 
tra^iim took place in the fubftancci 'till it came to imbibe the 
alcohol itfelf. In the immerlion, fome of the moifiure of the 
air, uniting immediately with the alcohol retained by the fub- 
ftance^ expanded it to the fame degree as if it had been in water i 
after which, the ^/r^M evaporating, the fubftance contracted. 
Thofe phenomena did not happen with ether % this not uniting 
readily with water ; but it expanded thofe fubftances as much 
as alcohol^ and nearly as much as %vater. From thofe pheno- 
mena we may conclude, that the penetration of animal fub- 
ftances by water ^ and confequently by moijlure^ is produced, as 
that of fugar J Jand-Jiom, and every other porous fubftance, bj 
the faculty of capillary pores^ without any affinity between them 
and water ^ 

1 8* jd* Exp« In that theory, pf a mere imbibition of water 
by hygrofcopic fubftances of the ^%fiV kind, a circumftance, 
which feems to point out affinity, was to be explained ; it is that 
of the iygrqfcopic equilibrium. In view of that obje€l, I made 
the following experiments, not newin themfelves, but direftedto 
my purpofe. I took fome glafs tubes, of different fmall bores, 
which I firft bent in the fliape of fyphons ; after which I cut 
them in the middle of the bent part. This was to enable me, 
to bring into exaft communicatioii the lower end of two tubes, 
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thougli held in a vertical pofition;, as an inverted fyphon (Fig, 2,) 
The following are the experiments.— rft; Exp. When a column 
of the liquid had afcended in one of thefe tubes ; if I applied to 
it an empty tube of the fame bore,- the liquid column divided it- 
felf equally between them, — -2d. Exp. When the empty tube 
was of a fmaller bore, that column rofe more in it, than it funk 
in the other ; and the contrary happened when the empty tube 
was of a larger bore.' — 3d. Exp. When fome more liquid -wzb 
fupplied to the united tubes, it rofe in both, in proportion to 
the reipedive heights of the former ^<9&f;2;25.— 4th. Exp. When 
a fuperabundant quantity of //^^/i was fupplied, it rofe to a 
maximum in each tube, and the heights of the columns 
increafed in fome proportion with their former heights. 

19. Thefe known fails have a clear analogy with • the 
hygrofcopic equilibrium in elqftic fubftances.— ift. Case. When 
the quantity of liquid common to capillary tubes is not fuffi- 
cient for them to receive their re fpeilive maximum ythtj fhare it 
between them, and the ^j'^/V/^m^/^ takes place, when there is, 
ineach ofthem, thefame ratio between its fpecific capillary power 
andthe weight of the raifed column.In the (ame manner; when the 
quantity of water diffeminated in a fpace, is not fufficient, for 
feveral hygrofbopic fubftances to receive tht maximum of water 
which they can contain in their^^/r^/, they (hare it amongft them ; 
and the equilibrium h produced, when there is in each of them 
the fame ratio^ httvf^tn lis {^tcAc capillary powers, and the 
reliftance of their pores to be more dilated.— 2d. Case. When 
there is a fuperabundant quantity ol liquid common to fome 
capillary tubes J each of them receives its w^^/>;^^m ; which is 
determined by an equilibrium^ between its total capillary 
power ^ and the weight of the raifed c<9/^^i;^. In the fame man- 
ner^ when there is a fuperabundant quantity of water common 
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to federal hygrofcopk fubftances, each of them receives its 
maxmumi which is determined by the equilibrium^ between 
their total capillary power ^ and the refiftance of their pores to be 
more dilated. That final equilibrium,^ which, from its very nature, 
cannot be overpaffed in any elajiic fubftance properly ufed, 
determines the f^QCi^c capacity of thole fubftances for moi/ture. 

20. Moifiiire thenj confidered in porous bodies not foluble 
by water ^ may be defined,^ '^ K quantity of water ^ which is 
^^ invtftbly contained in xkx^it pores % without any other connec- 
^ftion with their fubftance, than that which it has with the 
*^ ^^fi ^^ ^^ capillary tubes into which it has afcended," 

2 1. We may fee now whence proceeds the hygrofcopic €quili« 
hrium between elaftic fubftances inclofed in a fpace^ either 
filled with air or deprived of it. In this explanation it is 
unneceffary to determine, how water is invijibly diffeminated in 
fpaces free from vifible bodies, therefore I (hall not enter here 
into this fubjed ; that diffcmination is a fa£t admitted in every 
hypothefis, confequently the medium is only to be confidered as 
the ftock and flandard of moifture. By the caufe, whatever, of 
evaporation^ bygro/copic fuhikances lofe or gain water in the 
f^^^/^f/if, according to its degree of moifture^ till they are in 
equilibrium with it ; which implies the equilibrium amongft 
themfelves according to the laws refulting from their own 
nature. 

22. Now moifture^ in a general fenfe, will appear to be, ** a 
*« quantity o£ invijtble water^ either evaporabk^ or evaforated.^^ 
And from that definition, the maximum of moifture will exift, 
when, ^^ every circumftance remaining the fame, no more 
** water can be admitted in a fpace, without becoming viable ; 
«^ on^/iW bodies, by their furface being wet; and in the medium^ 
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^^by a fpontaneous precipitation of water ^^ Laftly, as immerfing 
folid hygrofcopic bodies in water ^ or expofing them in a medium 
where there is an adual precipitation of water (as in a fog) is 
an efFeftual means of furnifhing their pores with the whole q^uan- 
titj of water they can imbibe ; it is evidently a Jure means of 
prodociog extreme molfture in them : and this point cannot be 
overpaffed, neither in tvater^ nor in fogj {ince it depends upon 
th^ rejiftance oH\it pores to further dilatation by the mere intro- 
duction of water ; but it muft be attained in an hygrometer^ to 
fix its point of extreme molfture. 

23. When formerly I had fixed upon that method for pro- 
curing to my firft hygrometer a true point of extreme molfture^ 
it occurred to me, that the temperature of water might in- 
fluence fenfibly the cxpanfion of its ivory tube ; and in order to 
difcover if it was fo, I made fome experiments, related in 
§§ 104 &c. of my former paper, the refult of which was, 
that t\it temperature oi water had a fenfible effed on the expan- 
[\onoi ivory. But foon after I diftrufted fome modifications of 

hat complicated hygrometer ; and efpecially this particular 
•efult, 

24. I then changed that firft method ; which confifted in 
meafuring the changes of capacity of hollow cylinders, into 
that of meafuring the changes in length oi hygrofcopic fubftances; 
and for fome preliminary experiments on many of them, 1 
made particular/r^/^^j^, in which, by a combination oi glafs and 
hrafsy the efFefls of heat on thofe materials compenfated each 
other ; by which means the indices of thofe inftruments were 
only aff^ded by the modifications of the hygrofcopic fubftances 
tried id them, I have mentioned thefe frames in a paper on 
*)yrometry^ printed in the Phil. Tranf for 1778. With thefe 
rames I firft tried ivory^ m water of different temperatures ; 

and 



'i4 Mr. JDE Luc ^^ 

and I fouod a very little difference in its e.^panfion^ coiiiparatlvelj 
with what had appeared from mj firfl experiment. Then^ 
continuing the fame trial on various fubflances, I found the 
effect of different temperatures of water very fmall in general ; 
and even in fome fubftances, as deal taken- lengthwife^ and 
hemp^ I could not afcertain any. 

25. Thefe experiments led me to think, that the fmall 
variations produced by heat in hygrofcopic fubftances dipt in 
water ^ were not fygrofcGpk modifications, but the mere effe£ts 
of Seat ^ by the ceHation of all hygrofcopic modifications; thefe 
having then attained their ma:)^mum: which is adifcrimination of 
effe£ls, that I had vainly attempted to produce by other means. 
When afterwards I had found the method of producing ex^treme 
drynefsi I made a lime apparatus, for the purpofe of repeating 
in it the fame experiments with my compound frames i and 
I found that theory confirmed, by the effects of heat In 
that apparatus being nearly the fame^ on the fame fubftances, 
as when tliey were in water. 

26. From the whole of the foregoing experiments there 
cannot remain any doubt, that water^ in its liquid (late, is a 

fure means of fixing the point of extreme motfture on hygrometers. 

particularly, in refpeft of elaftic fubftances, as ivory, quill^ 

whalebone J all forts of wood^ and a number of others which I 

have tried, the laft experiments in water of different tempera^ 

ttires^ afford an immediate proof, that their ficulty of fucking 

water has a fixed iimit^ proceeding from a final re/iftance of their 

p>ores^ to be more dilated by the introdu£l:ion of water. Confe- 

quently, their utmoft expanfion is a true fign, that moifture is 

cvtreme in them ; which point cannot be exceeded. But my 

propofition extended farther : 1 had faid, that water was the 

miy certain means of obtaining immediately the point ot 
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extreme moijlure on hygrometers ; and this is a mod important 
queftion, both of hygrometry ziiA hygrology^ which remains 
to be examined. 



On if/^^ fnaximum of evaporation, and its correfpondence with the 

maximum of moifture in a mediumi 

±7, Since moiji^ure confifts in invijti^le wztm% nn exeefs of 
water h the only immediate means of afcertaining that the 
maximum exifts; as, if a refervoir is above our reach, the only 
means of knowing if it hQ full of water, is when it overflows. 
From that principle, a fog gives the point of extreme moijlure 
on hygrometers^ like water itfelf; becaufe it covers very 
foon the hygrofcopic fubftance with a coating of water : fome- 
times even it expands it a little more than an immediate appli- 
cation of water % but this belongs to an objefl: that I have 
waved before, as relating to fome modifications of elajiic fo- 
lids (§ 8.), No other means then but an excefs of water over 
the furface of the hygrofcopic fubftance of the hygrometer^ can 
afcertain that it is arrived at its point of extreme moijlure ; and the 
firft immediate demonftration I fhall give of it, will be afforded 
by dew ; a very uncertain, though apparently certain lign of 
extreme moijlure in the air. We fay, that there is dew^ wheii^ 
fome folids expofed in the open air in a clear evening are wet ; 
but if that was the effed of a precipitation of water hapf)ening 
in the air^ all the folids thus expofed would be wet-, which is 
far from being the cafe ; confequently, that phasnomenon muft 
proceed from fome particular caufes, by which, though no 
water is yet difpofed to abandon the medium, it gathers on fome 
particular folids. It is very long fince the phaenomena of dew 
have perplexed natural philofophers ; and they were the firft 
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which I ftudied in the beginning of my refearches in meteoro- 
logy ; but all that I concluded from mj experiments and ob- 
iervations was, that we couid not underftand thofe pha^nomena 
without firft having a fure hygrometer. This is the reafon 
why, foon after I had made my firft hygrometer^ I expofed it 
in the open air in the country, fufpended very little above the 
grals, from the morning of a fine day to the time of dew in 
the evening; the grajs gvcvsi wet, and the i6);^r(9/?;^/^r remained 
at a great diftance from the point which had been fixed in water ^ 
I have related that experiment in § pr, of my firft Paper. 

28. When I had made hygrofcopes of various forts oi Jllps% 
for inftance, of different woods and of whalebone^ cut acrofs 
the fibres ; of ivory and horn^ reduced firfl: into thin tubes^ 
and then cut in fcrqw ; and of quills^ by cutting alfo in fcrew 
their barrels ; I repeated, with thofe inftruments, my obfer- 
vations on dew ; and to give a fhort, but determinate idea of 
the phenomena I obferved, I fhall reduce them to fome gene- 
ral cafeSj as indicated by one only of thofe hygrofcopes, that of 
quilly whichj like all the others, is divided into 100 parts, from 
extreme drynejs to extreme moijiure. Thefe hygrofcopes were 
fufpended in the open air, three feet above a grafs-plat in the 
country, ift Case. When a clear and calm evening fucceeds 
to a clear and warm day, the grafs frequently grows wet^ 
though the above hygrofcope ftands many hours, and fometimes 
the whok night, between 50 and ^k^. 2d Case. If the dew 
increafes, fo that taller herbaceous plants and Jhnibs grow wet 
m fuccefiion, the hygrofcope moves more and more towards 
moj/iurei and when it is come to about 80, plates of glafs and 
ml-paint alfo grow wet i but at that period, neither metallic 
plates, expofed like the glafs ones, nor fome forubs and trees^ 
are weir, aad this alfo may laft whole nights. 3d Cafo* If the 

dew 
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iew proceeds to xt^ max t mum ^ the hygrofcop moves frorti Bo to 
TOO (and fometimes a Jlttle farther, § £7.), Then we have 
alfo a certain proof that ei^treme moifture exifts in the air % for 
every folid body expofed to it is wet<, But it is only at that 
moment that we can depend on extreme mplflure eKilling; for^ 
if in the other defbribed Hages of the phisnomenon, the ap- 
pearance of water on the furface of fome folids had proceeded 
from a fpontaneous precipitation in the air, all the other folids 
ought to have been weti but they only become wet in a certain 
fuccefffion, and in the mean time the Hip of ^1////, and all the other 
above-mentioned hygrafcopes^ move more and more towards their 
point rod, iti fign of ;;ia^^r^ increafing in the aif. Gonfe-*' 
i^nently (as I ;lmd concluded from my firft obfervations), in^ 
ftead of having in dew an hygrofcofic ftandard for the hygrome- 
ter^ we have in its phaenomena many circumftances which 
will only be explained with the affiftance of that inftrument* 

29. Sonie previous obfervations had alfo warned me againfi 
the general idea, that moifture was to be extreme in the mr^ 
when there was a fufficient quantity of water in the fpace^ 
even though that<^/> might be fuppofed to be filled with evapO'- 
rated wzter to its maxmtimi and the doubts I entertained in 
that refped were the caufe of the difficulties I expreffed in the 
beginning of my firft Paper, which I only got over when I 
thought of w^/^r itfelf; to obtain the point of extreme moijiure 
on tnj hygrometer. This was alfo the reafoil why, as foon as 
imy'^firft hygrometer was finifhed,! placed it in a cellar^ the walls 
and ground of which Were w^/, and where it continued two 
months, without ever attaining its point of extreme moijiure. I 
have rdated that experiment in § S^-'^tfeq, of my firft Paper. 

30. When alfo I had the hygrofcopes mentioned above in 
the obfervations on dew, I undertook a very long courfe of 
various forts of experiments on that important point of hy- 
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grology^ of which however 1 fliall only give here the general 
and conftant refults, as furnifhed by thofe hygrofcopes, '* The 
** maximum of evaporation m a mafa of inclofed air is far from 
** being identical with the maximum of moijiure % this being 
*^ dependent alfo, even to a very great degree, on the tempera-- 
^* iure of the fpace^ fuppofed to be the fame, or nearly fo, as that 
'^ of the water whiqh evaporates in it. Moijiure may arrive t0 
** its extreme in ah inclofed ^/r^ if that common temperature 
^^ is ntzt freezing point % but it becomes lefs and lefs, even to a 
*^ very iry ftate, as that temperature rifes, though the product 
*' (^/^ evaporation,^ thereby increafing, continues to be at its dif- 
^^ ferent maxima^ correfpondent to the different temperatures^^ 
This is a very important propofition in hygrologjt; which, from 
my experiments^ would not be fubjeft to any obje£tlon5 if there 
were no other hygrofcopes than thofe I have mentioned above^ of 
which I have thirteen different fpecies; but there is another 
clafs of fuch inftruments^ from which fome doubt might firft; 
arife ; and f come now to that point* 

On tzvo diflinB clajfes of hygrofcopes^.^ 






As I ihall now frequently fpeak oi fips and threadf^ 
which conftitute thofe two clajfes oi hygrofcopes^ 1 muft firft 
explain what I mean by thofe words. The Jlips- compofe the 
clafs of hygrofcopes ufed in the above experiments % they coniifl 
of very thin and narrow lamina £m acrq/s the fibres of vege- 
table Of animal fobftances,^ either in their natural or artificial 
breadths (as boards)^ or by reducing natural or artificial thin 
tubes of rhem- into helices.. By threads I mean the fame kinds 
of fubflanees taken kngthwife^ either from their being, natu- 
rally in thin threads^ or by reducing them to that ftatej in 
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tearing from them thin fajlkuli of Jibres ; which operation is 
eafy in fome, as hemp^ whalebone^ and gut^ but very difficult in 
others, as quill and fome forts of wood. 

32. The firft hygrofcopes of the clafs of threads, which I 
obferved comparatively to the clafs oi jlipSy were of hemp^ giit^ 
whalebone, and fome woods ^ and they exhibited a phaenome- 
non which at firft I could not underftand : when they were 
expofed with xkxtjlips in damp air ; as, for inftance^ in open air 
during the fecond period of dew above determined, or in a 
glafs veflel ii^verted over water \ the threads had only very 
fmall motions backwards and forwards round their point deter- 
mined m water y while the7?//>i had confiderable motions wlthiii 
that point, without coming near it, if the temperature was fen- 
{\h\y zhovQjr eezing point i. Thence arifes the obje£lion againft 
the general propofition above ftated : for thefe two claffes of 
hygrofcopes eontradidling one another on the changes of ;^?^3^//r^, 
nothing could be afferted in that refpedl:^ till there were fufB- 
cierft reafons to exclude one of thofe claffes of informers^ and 
to tinift the other clafs, 

33. Proceeding to multiply the fpecies of thofe two clafles 
of hygrofcopes, I found always the fame fundamental march in 

flips, all of them conftantly moving in the fame dlredlion i but 
in multiplying the fpecies of threads^ I found fuch variety 
between them, that in their own clafs they created diftruft; 
fome of them, as oi deal, aloes pitta, liber of lime tree, quill, 
and llnnfiems of gr amen, in coming out of water, increafed in 
length : they went farther that way, to a certain point, as the 
air was dryer : they retrograded then with accelerated fteps, 
when ^rjy;^^ increafed, thereby returning to the point where 
they had flood in water; and they continued to move in the 
fame retrograde way, with great acceleration, by a ftill in- 
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creafiog ifymfs. Moreover^ they did not follow one anotlief 
in thofe motions coiitradidory to the evident march of mot/tun: 
each of them changed direction at different periods^ therebj 
often contradiding alfb each other, while tht Ji-ips conflantly 
agreed together In the diredion of their motion, and alfo with 
ail the other fymptoms of moijiure. From thefe comparative 
phaenomena 1 firfl: concluded ; that the motions of the fame 
kind, which I hadobferyed in the firH* mentioned f^r^^^j", were 
alfo ammalks^ proceedings onlj to a fmaiier degree, from a caiife 
of the fame nature as that of thefe laft. After which, fimilar 
iym ptoms, which I had formerly obferved in thew^l^rthermo* 
meter near the frie%mg point , made me iirft conclude, from a 
general analogy i that the perceivable modifications of the 
threads^ wtm the compound effeds of two contrary operations 
of moi/iure which followed different la%¥s. 

34, Another phenomenon lad me foon after to a more de- 
termined theory in refped of thofe two oppofite efFeds of 
mmjlureon threadst I have faid above^ that hemp and gut have 
only a very little retrogradation ; their greateft difference from 
tbej^i^i confifting in their being /^a/Z^^^rj^ While the //^i* hive 
Hill great motions* But when thefe fame threads am iwijled^ 
they acquire a very fen fible elmgatkn beyond their point of 
extreme moi/iure {ncceeicd by reirogradaiiom From feveral 
trials I have made in twining thefe ihrrnds more and more, I 
do not confider as impoflible, if fome difficulties, which I 
only could obviate in part, were completely prevented, that 
they might be brought to fuch a ftate, as to have their point of 
extreme drjnefs coincide with that of ^^/r^^^ /;2^^#r^ ; by which 
meansj in the progrefs of M<9^i^r^ from onQeMreme to theother^ 
they would move iirfl; in one diredlon with decreafing fteps, then 
ill the oppofite direaion by increafing fteps ; the whole^ however, 
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with great irregularities. Here then we fee two oppojite effeds 
of moi/lure \ one which lengthens tht fibres i the other which, 
hy fwelling the twljled ^x\x\^% Jhortens l\\tm \ and we fee 
thofe efFe£ls follow different laws^ from which is produced a 
retrogradation that we may change ad libitum, 

^^, Now, the texture of animal and vegetable j^^r(9f<f^ fob- 
fiances mufi be a fort of reticle j which exifts in thofe which 
are naturally in thin threads y and in the mod: minute fafciculi 
that we can feparate from a mafs ; and we fee it in the laft cafe, 
for in fubdividing thoUt fafciculi ^ there are always ^f^r^i break- 
ing in the points where they were anaftomofed with others ; 
confequently, the primary ^f^r^j of thofe fubftances form be- 
tween them mefhes fimilar to thofe of a net ; and thofe mefloes^ 
which are widened by the introdudlion of water ^ muft produce 
In the threads the fame effed as the twifl in the zhovt firings. 

36. If then moiflure, in adling on vegetable and animal 
threads^ iiatural and artificial, produces on their length two op- 
pofite effeSis ; one of which, fmall at firft but increafing gra- 
dually, compenfates at fome period the other which is firft 
vifible, and y^r/^^ it after wards j fooner or later, according to 
the nature of the threads i it is evident, that they cannot be 
proper for the hygrometer*^ fmce, from the indication of fome 
of them it might fometimes be concluded, that moifiure 
changes in one fenfe, while it really changes in the contrary 
fenfe ; and from fome others, that moifiure is extreme^ long 
before it is really fo. As for the flips ; fince moifture has only 
one effeQ: on their lengthy that of widening more or lefs thp 
mefhes of the cfofsfibres^ I concluded j that all their hygro/cQpic 
indications, in every part of their fcale, were true m refpedt of 
increafe and decreafe of moifiure % and that confequently, that 
clafs oi bygrofcopes might be depended upon on that important 

point 
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point As for the exa8: rafm between the indications of thofe 
h&, hygr of copes ^ and the changes of moifiure^ that was to be the 
objedt of a particular i-oquirj^ to which,.! now coract 



Of tbi fcale of thi hygrometer hiwem th tm§ fiied pointSi 

37. The long attention I had fortnerlj gi?eii to the cocupa-* 
rative exp'an/ioMs by hai of various kinds of iiguids midjolids^ 
made me exped the variety I afterwards found in the mo- 
difications of hygrofcopic fubftances by moj/iure; therefore^ 
as I exprefled it in § 2. of my firft Paper, my view was only 
at thdt time, to find fome means of producing a fteady compara'^ 
Me hygrometer ; but afterwards I pointed out, in § 72, a means 
which had occurred to me, for attempting to find the ratio be- 
tween the e:xpanfiom of fome determined hygrofcopic fubftance, 
and the correfpondent increafes of moi/lure ; which Was, to com- 
pare the firft with the correfpondent changes of weight, of the 
fame or of any other fubftance ; an idea which I did not then 
much fcrutinize, not yet thinking of its execution* 

38. From what I have faid above, I did not want any other 
motive of choice between the ^ips and the threads than their 
comparative marches ; but though the flips agree always in the 
direSiion of their motions, there are differences in the progref- 
lion of their comparative fteps ; and that difference led me to 
examine more attentively the above means of finding which of 
thofe marches agreed beft with that of moijlure. The refult of 
that examination was diftruft, at leaft in refped of an imme- 
diate decifive means. With the view of rendering the changes 
of weight more eafily meafurable, I had firft thought of fome 
fubftance pofleffed of a ikmng affinity with w#/^r; but on con- 
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fideriiig the hygrofcopk phaeaomeha of thofe fubfl'aiices, it ap- 
peared to me, that their changes of weight could not be pro- 
portional to the degrees of f;i6>/)?^/r^ In th^ medium i and that 
even the fenfe of the word moijlure apphed to them was very 
difficult to determine (§ i4.). As for the fubftance of the 
hygrometer itfelf, 1 'did not find any reafon to think, that its 
changes of weight coxA^ be more proportional to moifture than 
its degrees of expatifioni iince on thefe laft depended m pdrt 
the quantity of water that could be admitted into its pores at 
each degree of moifture in the air^ 

^p. Being thus difappointed in my firft fcheme, I thought 
of a more dire£l method, which was to a6l on moijlure itfelf, 
by firfl: producing, in a glafs velTel containing an hygrofcope^ as 
much ^ry;^^ as I could conceive poffible at that timb, and 
then introducing into it fucceflive equal quantities of water ^ 
for which I had found a fure means without opening the veffeL 
But then again fome previous experiments deftroyed my confi- 
dence in that method; having found, — ift, That the evapo- 
rated water had a tendency to depofit itfelf againft the glafs 
by the fmalleft difference between the infide and outfide tera^ 
peratureSj even to the degree of becoming vifible on fome part 
of the veflel, long before I had any reafon to ti^^t^ extreme 
moijlure. — ad, That by the common temperature of my room, 
the hygrofcope in the veflel remained always at a confiderable 
diflance from its point of extreme moifture^ though the bottom 
of the veflel was covered with watery and that it varied with 
the temperature I whioh coul-d not have happened \i moifture 
had been extreme. — -^d. That when I endeavoured to increafe 
moifture in the veflel by cooling it, I produced very often the 
contrary efFed, at the fame time that a quantity of the diflemi- 
nated water gathered over the glafs. 
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40. A% in thofe trials the contradldion between the marches 
of the Jlips and the threads was very evident, I was the more 
difappointed to find, that the uncertainty of the real degrees 
of moijlure increafed at that very period ; for inftance, fetting 
out from fome dry pointy and moljiure increafing, the march of 
a thread of whalebone was evidently in a decreajtng progreflion, 
comparatively to that of zjlip of the fame fubftance ; and when 
at laft there was a fuperfiuous quantity of water m the veffel, 
and the temperature was made to change, the thread was 
almoft Jiationary^ while the Jlip had confiderable motions, 
often contrary to the fmall motions of the other; while it was 
at that very period^ that the real degrees of moijlure in the 
veflel could not have been afcertained but by an already fettled 
hygrometer. I had no doubt that thofe anomalies were to be 
attributed to tho thread oi whalebone^ not only becaufe of the 
excefs of the fame modification in other threads:, but alfo con- 
iidering the analogy betv/een the comparative marches of the 
two kinds oi hygrojcopes^ and thofe of the thermometers^ o^ 
water and quiclzfiher : but as this was a very important ob- 
jed for natural philofophy, I would not decide it from thofe 
firft appearances ; and that confideration led me to a very great 
number of various forts of experiments, which I made in view 
of multiplying at leaft the indire£t fa6ls with which my theory 
might be compared. However, as at laft I found a more dired 
means of verification, I ihall only mention that laft clafs of 
experiments* 
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Experiments on the comparathe changes qf weight and dimeii- 

{ions of fome hygroftopic fubftaiices, 

41. I have faid above^ that I could not find my folld reafoii 
to confider the changes in weight of a fubftancej as being 
more proportional, than its changes in dimenfom^ to the cor- 
refpondent changes of moi/iure'in the medium ; -which doubt had 
prevented me from undertaking that courfe of experiments. 
But it occurred to me at laft, that if my theory on the compa- 
ratiye marches of the flips and the threads were true, it might 
be rendered certain by comparing thofe marches with the increafe 
of weight of the fame fubftance : for inftance^ taking zjlip and 
a thread of deal^ and having forne deal hung to a fcale, I was to 
findj that while the Jlip continues to lengthen, and the thread 
to {horten, the fubftances continue, to receive water i and, 
in general, that the w^r^^^ oi flips ^ in every part of their fcala 
on which the experiment may be regular, was more proportional, 
than that of threads ^ to the correfpondent changes in weight of 
every hygrofcopic fubftance of the elafic kind. 

42. This having ftruck me as a i\jre means of deciding the 
queftion, 1 fet immediately to work; and fince that time I 
have made a great number of experiments of that kind. They 
were not at firft very accurate ; but fucceffively I have mended 
both the inftruments and the apparatus; and, after iiaving fettled 
every part that I looked upon as elfential, and made in confe- 
quence a new apparatus and new inftruments, I have begun a 
regular courfe of experiments, of which I ihall give here the 
iTrft refults. 

43. The apparatus coniifts in two tin veffels; the firfl: of 
which, and the moft ufed, is i6| inches high, 15-1 wide, and 
5 deep. The front of this veffel is a plate of glafs, and the 
back a tin-plate//yrr^ which, being taken oft; kaves that fide 
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of the veffel quite open. The fecond ^^elTel has the fame di- 
meoEons as the firft; but its back is foldered, and its front is 
of woven brafs wire. This veflel may be applied to the back 
of the former, in fuch manner as to make of both one fingle 
veflel, i¥hich, when the Jlider of the fore-part is taken off, is 
only dn^ided by a vertical partition of woven brafs wire. The 
life of that fecond veHel is to produce e:^treme drynefs in the 

■ other ; for which purpofe it is filled with large pieces o£ quici-* 

■ Ime'tzkeii from the kiln.^ When that veiTel is not ufed, it is kept 
in a tin box which, it fills intirely ; and when it is in, as well as 
while it is out for ufe^ that box is kept fliut with putty, by 

which means the fame //W may ferve many times in the fol- 
lowing manner, 

44. When I \vant to produce exireme drymfs In the firft 
veffcl, I apply to it the fecond ^ fafiened with hooks; 1 then 
pull outtheJMer of the firft, and flop with putty the chinks 
between them» When that firft operation is completed,^ I put 
again the Jider to the fore-veflel, and take off the other. Iti 
this laft operation, fome motjiure might be introduced through 
the chinks of the Aider, before they are again flopped with putty ; 
efpeclally as the deftruftion of motjiure in the veflel has made 
room for more air to come in ; but I prevent it by making firfl 
the apparatus fenfibly warmer than It was when I put on the 
lime-veflel; by which means, in the little time employed for 
the operation, the motion of the air is from the infide to 
the outfide, which prevents all accefs o£ tmijiure in the vefleL 

45. To that firft operation fucceeds that of a gradual Intro- 
dudllon of moi/^ure into the apparatus. It would have been 
ufelefs to apply to that procefs the means I had Imagined, for 
fpreading fucceffive equal quantities of water In a clofe veflel ; 
for the evaporated wafer depofiting itfelf In part, more or lefs, 
on every furface, and the furfaces^ efpeclally of j*/^, being 

very 
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very aiuch multiplied in that apparatus when filled with in- 
ftruments, no real correfpondence could be expelled between 
the quantity of evaporated w^/^r and the motion of the 
inftruments ; therefore I again gave up the view of determining 
that ratio^ and proceeded in the following manner. At the 
bottom of the apparatus/ on one of its fides, there is an open- 
ing., I an inch high, and 2| inches broad, w^hich ufually is 
kept fhut with a tin plate and putty. The taking off, only 
for a moment, that tin plate, is the firft operation by which I 
introduce moijiure into the apparatus ; which being then reduced 
to the temperature at which 1 make all my obfervations, namely^ 
60'' of Fahrenheit, permits the external air to enter the veilel, 
and come to an equilibrium with it at thfe fame temperature. By 
keeping off the tin plate longer and longer, I admit new quan- 
tities oi mo^ure into the veffel ; and when that means is become 
ineffedlual, I introduce through the fame opening, a brafs 
frame, which extends under all the inftruments, on which is 
ftretched a cloth that 1 wet by degrees more and more, as long 
as it may produce fome efFe£l at the zhovo temperature. In 
order to have that temperature when I want it, I make thofe 
experiments in a feafon when I may have fire in a ftove at a 
proper diftance from the apparatus. The time when that 
equal temperature is neceffary in many refpecls, is that of the 
obfervations, which I make tvi/elve hours after each new intro- 
duftion of moifture. 

46. The inftruments I place in that apparatus are of two kinds ; 
the firft of which are beams^ made on the principle ufed by Mr. 
John Coventry in his paper hygrometer^ which principle I have 
found of ^reat ufe ; for, with beams of that fort, as delicate as 
mine are, if the total change of v^eight in an experiment is 
not above i grain, -^^!^^ part of it may be diftin(flly obferved 
on a weight from 3 or 4 to 20 grains ; but in my experiments, 

3 
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in which the total variation was from 5 to 6 grains^ the ob* 
fervable part Ivas only -^\^ pare of a grain • Thefe two beams 
are placed on the fame line through the middle of the depth of 
the veffel^ and their indices move in that plane ; thpir motions 
are In an oppofite fenfe by the fame changes of weight, be- 
caufe I wanted the two fubftances fnfpended to the beams^ to 
hang near one another in the middle of the veflel. The other 
inftruments are frames^ in which an index i$ moved bj the 
variations in length of a very thin flip or thread, Thefe frames 
are placed before and behind the beams. 

47* In the firft experiment that I made with that appa- 
ratus, the fobftances fufpended to the beams were deal and 
quill^ reduced to very thxii Jlmvings^ which were ft retched 
edgewife in thin brafs-wire frames. The weight of each kind 
•of thti^Jloavings was 12 grains, at a certain degree of the ther- 
mometer and of my hygrometer. The other hygrofcopes were 
Jlips and threads of the fame fubftances as the T^^w/^^j", and 
alfo of whalebone. Thefe fix laft inftruments hav^ their point 
oi extreme drynefs taken in my lime-'vejjel^ and their point of ex* 
iretne fiwifiurem water % the interval between thefe points is 
divided into i go parts ; and on the /cales of the threads the 
degrees are prolonged beyond this laft point. The hygrofcopic 
fcale of the ^^i?/^^i" could not be fixed before the operation; 
therefore the fcales of the beams ferved only to indicate the 
comparative motions of the index ; but afterwards^ taking for 
o^ the point where the ijidex ftcod by extreme drynefs^ and for 
10O5 the point of extreme mojfture^ which I ftiall explain, the 
interval between thefe two points became a modulum by which 
I have alfo reduced into lOo parts of the whole the changes 
obferved in the weight of the Jhavings. I ftiaii not give here 
the abfolute {juantities^ either of the changes of weighty or 

of 
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of thofe \\\ length oi the other hygrofcopes^ having ndt had 
time to make the neceflary calculations, of which however I 
have the data. 

48. The neceflary time for a complete diffufion of the newly 
introduced ;^;^^^r^ in the veflel renders it impoffible to proceed, 
in that introduftion, by regular fteps. The method I ufe is^ 
to obferve the motion of my ufual hygrometer^ which is ^Jlip of 
whalebone^ and to remove the caufe of increafe of motfture be-» 
fore it has moved 5 degrees. In that manner the fteps of the 
increafing motfture have been in general lefs than 5 degrees of 
that inftrument ; but, by interpolation, I have reduced them 
to what they would have been if the fame inftrument had 
been moved fucceffively 5 degrees. 

4p* I have faid before, that when the maximum oi evapora* 
ikn is produced in a clofe veflel by a temperature feniibly 
above tht freezing poifit^ there is no regularity to be expected in 
any farther atternpt to increafe moifture ; the dilfeminated 
water being then abundant, the fmallefl; difference of tempe- 
rature between different parts of the apparatus makes it depofit 
itfelf on fome furface, and pafs from one to the other (§ 39.) ; 
which circumftance is alfo mentioned by ProfefTor Pictet of 
Geneva, in his late work, Effais de Phyfique. For that rea- 
fon, when tht evaporated water in the veflel was near its maxi- 
mumy my laft operation was, to put in again the wet cloth, while 
I kept the temperature at 60'', and to take it out when the indices ^ 
of the beams were fixed. My ufual hygrometer was then at 
87^; and as^ it had flill 13 degrees to move towards its point of 
extreme moifture^ and all the others in proportion of their known 
marches^ I have added to the obferved increafes of weight in 
the fhavings^ a quantity proportional to their former marches 
2 comparatively 
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comparatiFeiy to that of their mfytdivo Jips; and thus are 
Completed their hjgrofcopk/caies* Repeated trials have fhewn 
ine, that the tmigBi of the ^Mvmgs increafes as long as their 
Jlips increafe in iength i but as there is no regularity in their 
comparative marches at that period of moi^ure in a veflel, nor any 
poffibllity of making thefe experiments in open air, becaufe of 
the Seams i the addition mentioned, which forms the three lafl: 
terms of the columns of tho pavings in the following table, is 
to be coniidered only as having determined the modulum oi the 
Gbferved terms ; fince it has not changed the ratio between them, 
nor confequently the correfpondent marches of weight and 
length fo far ; which were the only obje£l: of the experiment* 

50. Before I come to the general refult of that experiment, 
I fhall place here a comparative view of the two kinds of phse- 
Bomena, which, by their analogy, led me firft to the theory I 
have expofed : I mean the comparative marches of thejlip and 
thread of whalebone on one fide, and thofe of the thermofcopes 
of quickfiher and water on the other fide. In this table the 
correfpondent /^ri;ii of the hygrqfcopes, from oof both to 85 of 
tlm^ip, have been obferved in the above experiment; the four 
following are the refults of obfervations in time of increafing 
dew. The correfpondent terms of the thermofcopes zm deduced 
from the tabic of their comparative expan^om which I have 
given in § 418, m. of my work, Rech.Jiir les Mod. de PAtmo^ 
Jphcre; from which /^^/^ this only differs, ift, by a change 
of the moduium^ in the ratio of 80 to 100; 2d, by an inver'- 
Jon^ which brings the terms of this table to exprefs compara* 
tive conden/ations of the two liquids. 
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SCOPES. 




Thermoscopes. 


Whalebone 


Whalebone 


Quickfilver. 


Water. 


Slip. 


Thread. 








Ex/reme o 


0,0 drynefs^ 


Boiling 





0,0 point, 


5 


12,1 




S 


9^3 


10 


3o»i 




10 


18,3 


15 


41, r 




15 


26,3 


26 


5i>i 




20 


35.0 


25 


59.1 




25 


42,7 


30 


65,6 




30 


49,3 


B5 


71.1 




35 


56,7 


40 


76,5 




40 


63,1 


45 


81,8 




45 


69,0 


5^ 


85,8 




5^ 


74,5 


5S 


88,8 




55 


79»* 


60 


9 1 »3 




60 


83.8 


65 


93»3 




65 


87»9 


70 


95.6 




70 


9i»8 


75 


97,6 




7S 


9S»o 


80 


98,6 




80 


97*5 


85 


99,6 




85 


98,9 


90 


ioo,t 




90 


99*9 


95 


100,5 




95 


100,5 


Mxtreme 100 


100. mmjlure. 


Freezing 


100 


100. point. 



51, The firft part of that table fhews, the great fleps of the 
thread oi whalebone y comparatively with thofe of the Jlip of the 
fame fubftance, at the beginning of their correlpondent uicreafe 
In length; byt the thread relents by degrees, and a nearly Jfa^ 
tionary ftate fucceeds, in which^ while this hygrofcope moves 
irft 1,9 degree from 98,6 to 100,5, tliQix retrogrades 0,5 
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degree to come to its point of extreme moijiure ', tht Jllp^ con- 
tinuing to move in the former diredion, goes over 20 degrees* 
The phaenomena are the fame m the part of the table relating 
to the thermofcQpesi that of water proceeds alfo at firft by great 
fteps, comparatively to that oiqukkfilver ; after which it relents 5, 
and while it moves only .3 degrees^ and retrogrades 0,5 degree 
to come to tht freezing pointy the qtikkjiher one, continuing to 
move in the fame direition, goes over 20 degrees. It was 
from that ph^^nomenon of the water thermojcope that I con- 
cluded formerly, that there was in its march a Jiatlonary ftate^ 
during which the* heat decreafed nearly as indicated by the 
qukkfiher oxx^l and that conclulion was afterwards confirmed 
by dire£l experiments. From that afcertalned fad, I was led 
to conclude, with refped to moifture, that there was alfo a 
Jlationary llate in the march of hygrofcopic threads^ even in 
thofe which had the fmalleft retrogradation^ as that of whale^ 
hone ; and this theory will be confirmed by the refults of the 
above-defcribed experiment. 

52. The following table contains thofe refults, namely, the 
correfpondent marches of all the mentioned hygrofcopes % the 
Jhavings increafing in weighty and tho Jlips and threads in length. 
The 3 laft comparative terms do not refult from that particular 
experiment ; for the Jhavings (as I have faid above) they are 
concluded from the former comparative fteps ; for the other in- 
flruments, they have been obtained by obfervations in the 
open damp air* 



Whale- 



Whalebone, Qjjiljl. Deal. 

Sli'p. Thread. Shavings, Slip. Thread* Shavings. Slip. Thr* 

Iktr. dryn. o 0,0 0,0 o^o 0,0 . 0,0 op 0,0 

5 12,1 7,0 4^8 40,0 6,2 5,4 42,0 

to 30,1 13,0 9,7 72,0 9,4 ii,t 69,4 

i5 41,1 20,0 i4>4 85,0 15^6 16,5 94,8 

20 515! 26,0 19,2 955O 22,6 21,9 167,6 

^S S9»i 3i»o 23,9 101,6 27,0 27,2 113,6 

30 65,6 36,0 28,5 105,0 33,2 32,7 118,6 

35 71,1 42,0 33,3- jG7,o 36,6 38,3 122,6 

40 76f5 43»8 3^'3 ^^2,0 41,2 43,7 120,6 

45 8i,8 48,3 42,9 104,0 46,7 49,2 123,6 

50 85,8 52,3 47,4 107,0 49^7 S4?6 126,6 

55 88,8 56,5 52,4 103,0 56,1 59,9 119,7 

60 91,3 60,5 56,9 105,0 59,9 64,9 122,7 

65 93>3 64,4 61,9 106,0 63,7 69,7 119,7 

70 95,6 69,4 67j2 108,0 67,1 74,5 117,6 

75 97.6 74,0 72,2 107,0 73,4 79,0 115,6 

80 98,6 78,0 77,8 io6,o 78,1 83,5 112,6 

85 99,6 84,0 82,8 105,0 83,8 87,5 110,0 

90 100,1 * 88,6 88,2 10^,6 * 88,8 g2>o 107,0 

95 i00t5 "^ 94>6 94,6 102,6 ^ 93,8 96,0 103,6 

Ixtr, moift. 160 100* *i00* 100. 106. ^100. 100. 100. 

From the 18 ^x9l terms of that table^ which are the imme- 
diate refults of the experiment, we are now to examine my 
opinion, that the lengthening oi the Jlips of whalebone^ quill^ 
and ^/^^4 beyond thefe terms is a fure fign that, till they have 
attained their point 100, j^i?/)?^ri^ continues to increafe in the 
medium where they are placed. 

5j. There coiild not be any doubt on that propofition, if it 
were not for fome threads fimilar to that of whalebone % which 
if^r^^^/i*, having fenlibly attained their ntmoft length at the 
period when the experiment was flopped^ feem to indicate, that 

Fa moifture 
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moifture is then at its maximum. But if the lengthening of 
hygrofcQpic threads in general, is the compound efFe£l of two 
oppofite caufes which follow different laws ; it may be that, 
lu iova^ threads^ thofe caufes happen to compenfate each other 
at that very period ; by which means they zmftatlonary^ though 
moifture continues to increafe. This was my opinion, and the 
above experiments were undertaken to verify it, firfl:, by com- 
paring the march of the ftps with the increafe in weight of their 
own lubftance; fecondly, by comparing the j^^^rr^^j of different 
kinds of threads with each other, and alfo with the increafe in 
weight of their fubftance : and from that now we are to exa- 
mine the above propofition* 

54. In refpecl of the ///J my theory is, that as moifture 
cannot aft on their length but by widening the mefoes of their 
trarifverlal fibres^ they cannot go on lengthening but by im- 
bibing more and niore moifture, from its increafe in the ^ir ; 
and this we fee to be the cafe, by comparing the marches o£ 
the three kinds oi flips with the correfpondent increafes in 
weight of the qutll and deal (havings, during the whole pro- 
grefs of the experiment. There are diff^erences in t\\Q{Q marches 
as I expefted (§ ^^f) % but they are not fuch as to give the 
fmalleft reafon to fufped, that afterwards, during the period 
of the three laft terms of the table, in which we have no cor- 
refpondent obfervations of Increafes of weight in the fjavingf 
of deal and quiil^ the fame law does not take place as in the 
17 antecedent terms. If the experiment was only made with 
one kind of ///, it might be objefted, that though that flip 
lengthens regularly during the whole increafe of moifture from 
Its minimum to Its {xx^^ottA maximum ^ it is not impoffible but 
that immediately after, by fome pecuHarity of its nature, it 
will kngthen^ without any farther increafe of moifture in the 
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medium. But that fqrmife cannot be admitted when thtjlips of 
fuch diffimilar fubftancesas whalehone^ quUU and deal^ {iti\{\h\f 
agree in their ;;?^//Wj at that period, and when a number of other 
//^j" of the vegetable and animal km ds follow alfo the fame 
general march. 

^^. In refpe6l of the threads, which are the only caufe of 
the above doubt, my theory, which removes it, is alfo con- 
firmed by that experiment. That caufe of doubt is exemplified 
in the table bv the thread of whalebone, which has almoft no 
motion, while its Jlip moves from 85 to 100. At that period 
of moijture, no regularity can be expeded from experiments 
madein. c%c< ve/fels', by which circumftahce, not having the 
correfpondent obfervations of weights, it cannot be demon- 
ftrated by immediate experiments, that the thread of whale^ 
bone is then ftationary from its nature ; but the threads of 
quill and deal, which are in that ftate during the regular courfe 
of the experiment, will guide us in that enquiry. The thread. 
of quill is ftationary duruig that great part of the obferved iii- 
creafe of nioifture, by which the thread of whalebone moves 
from 71 to 97,6 : the thread of deal is alfo Jiationary, while 
the fame //6r^^^ moves from 71 to gi^'^* They both afterr 
w^ards retrograde \ the quill from 107 to 100, and the deal 
from 122,6 alfo to 100 ; and it is during the latter part of that 
retrozradation, correfpondent to a continued direB motion of 
the jlips, that the thread of whalebone^ and fome more of its, 
clafs, after a vtxy decreafing march comparatively with all the 
Jlips, are at \z^ ftationary, and then a little retrograde. In that 
Jiationary ftate of the threads, while moiflure proceeds in the 
fame direfrion, they move backwards and forwards, more or 
lefs, according to the duration of that ftate^ and to the quari- 
tity of the retrogradation. This may be feen by the table, in 

refpecl 
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refpe£l: of the thread 0^ deal and qmlh, and I have obferved it 
coiiftantlj, in a fmaller proportion, in all the threads which 
have their Jiationary ftate at the laft period of moijlure^ with 
this particular cifcumftance in all thofe motions backwards and 
forwards^ that they are never the fame in two different experi- 
ments. That fymptom akeadj points out a complication of 
caufes ; but we fhall foon fee a more diftiod proof of their 

56. My theory on the march of hygrofcopic threads is 
founded on this general principle^ that a retrograde effe£lj how 
ihiall foever it may be^ if it is not produced by a correlpon-* 
dent change in the caufc itfelf, is preceded by z Jiationary ftate, 
during which, and the retrogradation^ the inteniity oi the 
caufe continues to increafe: and this alfo is exemplified in the 
experiment. Tho Jiationary ilate of the thread o^ deal begins^ 
when its Jhavings have only imbibed from the air a quantity 
oi water z=: ^6 ; it is ftill at the fame point when the quantity of 
imbibed water has increafed to 59,9 ; and in the part of its 
retrogradatlon^ which is ftill contained in the regular courfe of 
the experiment, that quantity of imbibed water increafes to 
8858. The fame, with only forne differences in the degree, is 
feen in the thread oi quill \ therefore, as we fee alfo fome, 
though a very fmall, retrogradation in the thread of whalebone-^ 
as well as in other threads of the fame clajs^ we have reafon to 
conclude, that their apparent immobility before they come to 
that point, while thtjlips continue to move, is alfo z Jiationary 
ftate, during which they continue to receive water, by the 
increafe of moijiure in the air. 

57* The experiments I have now analyfed are only one itt 

amongfl: others which, though made with lefs accuracy, have 

given the fame general refults* Thefe, relating to various 

I kinds 
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icinds of fubftanGeSj I intend to repeat, and to have the honour 
of conamunieating their refults to the Royal Society; and I 
ihail conclude this Paper, with an iinniediate demonftration, 
that the ^^r^(?pi<: motions of thtjlips are fimple, while thofe 
of the threads zxQ the combined effects of two oppolite caufes : 
which will be a further confirmation of the whole of the 
above theory. 

On the recoil of hygrofcoftc threads. 

58. When formerly I concluded from the phenomena of 
the water ihermofcope^ that its condenjatiom were the combined 
efFe£ls of two oppoiite caufes, which followed different laws, 
it was not for having diftinguiflied thofe two efFeds ; but only 
becaufe of a fmall retrogradatkn near thejreezmg point ^ preceded 
by ^j?^^i<?#^rj/ ftate, comparatively with the march oi qukkjihir ^ 
but iu the cafe of hygrofcopic threads zndjlips, in which we 
have the fgme phaenomenon, the two oppofite efFe<3:s are diflin- 
guifliable in the //^r^^^*! by one being operated more rapidly 
than the other. If, for inftance, I tranfport from a drier to a 
daniper place (or invetfely) the two kinds of qui li hygrofcopes^ 
the j2^ proceeds in an ^w^ courfe to a certain point, where it 
remains j&^^; but the thread iBOves in an interrupted inzixntt 
alfo to a certain pointy whence it recoils. If that experiment 
is made within the limits of the ftationary ftate of the thready 
it may recoil as much as it has gone the other way, and be 
fixed at the fame point in both places. The cafe of the//> of 
guiil IS common to QVQxyJIip^ and that of its /y^r^^^^ to ;all others 
which have a quick motion. Here then we hzvejeparately thetwo 
effe£ls of moiJUire on the threads ; that on tht fibres themfelves 
is t\m Jhme/t pto^c^d^ and at firft predominates : the Jowe/i^ 

by 
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by which afterwards the firft produced is mote or lefs 6om^ 
fenfated^ is that operated on the width of the mejhes % and it is 
becaufe the laft of thofe effefts is the oolj one that can afFedl: 
ihQ length oi the Jips^ that, in every change of tmp/iure, the f 
move evenly^ without any recoil. 

59. To that demonftration of the exiftence of two oppofite 
effe^s of tnoifture in the threads^ I fhali now only add an exam- 
ple of a fimilar phaenomenon, in which the caufes alfo are 
vifible. The compound frames^ mentioned in § 24. are formed 
of two glafs rods 4 feet long, fixed together at the bottom and 
the top, A thin flip of brafi of determined length, fixed to 
one of the glafs rods towards the top, comes down from thence, 
pafies over a pulley at the bottom, and turns up for half an 
inch. To this end of the brafs flip is fixed the lower end of 
the hygrofcopic fubflance, the upper end of which is connecSled 
with the index of the inflrument. It is by that means that, 
whatever be the changes of heat^ provided they zxejlow, the 
lower end of the hygrofcopic fubflance remains fenfibly at the 
fame diflance from the axis. But if I take that inflrument out 
of water at a low temperature^ and plunge it immediately into 
warmer water, the index inflantly moves as if the hygrofcopic 
fubftance had lengthened ; which is the effeSi of the brafs flip 
dilating fooner than the glafs rods; then the index recoils^ and 
this is the effeSi of zfozver dilatation of the glafs. 

Conclujion, 

6q. I have concentrated in thefe pages an account of twenty 
years affiduous labour in hygrometry^ moflly occafioned by the 
anomalies of the hygrofcopic threads % and the principal refults 
have been, fome determinations of the four principles that 

dire6:ed 




^dire^led mefrom the ■begin ning, wliich- /new .are ■&$ follows. 
1 ft, Pire^^ as caufe of heat^ is a fure, and the only fere, means 
€f obtaining ^^/r^;^^ ^r^^^^ this is produced hy white heM hi 
m€vy hygrojcopic {xh%.'^no^^t^^^ can bear it; anditmay be thus 
tran&iitted to the i^j?^;^^^^/^r. ad. Water ^ m its liquid ftate, 
is a fbre, and the only lure^ means of determining the point of 
extreme moljiure on that inftrument, jd. It is iiot to be expelled, 
a priori^ of any hygrojcopk fubftance, that its changes be pro« 
portional to thofe of M^5/?//r^ ; but it may be affirmed, that 
u(d fibrous or vajiidar fubftance, taken lengthwtfe^ is proper for 
xh^hygrGmeter. 4th, A means -of throwing light on the f^/^rc/?' 
of a chofen %^fi?^^/^r, may be, to compare it with the cor* 
refpondent changes in %vetght of many i6^^rg/Z*/9p/^ fubftances. 

iyi. From thole xleterminations in hygrometry Ibme great 
points are already attained in hygrology^ meteorology^ and che^ 
mijtry^ of which I fhall only indicate the moft important, ift. 
In the ph^enomenon of ^<?w, the grBfs often begins to be wet 
when the ^/a'/r, a little above it, is ftill in a middle ftate of 
moifiure% and extreme moipure is only certain in that air^ when 
every folid expofed to it \%wet (§ 28.). 2d, IlIiq maximum of 
evaporation in a clofe fpace, is far from identical with the maxi'^ 
mum o^ moiflurei this depending confiderably, though with the 
conftant exiftence of the other, on the temperature common to 
the /pace znd to the water that evaporates (§ 30.). 3d, The 
cafe of ^.:v/r^m^ /;a^5/?^^rf exifting in the open tranfparent air, in 
the day, even in time of rain, h extremely rare : I have ob« 
ferved it only once, the temperature being 39°. 4th, The air 
is dryer and dryer as we afcend in the atmofphere ; lb that in 
the upper attainable regions, it is conftantly very dry^ except in 
the clouds. This is a hdi certified by M. de Saussuee's ob- 
fervations and mine* 5th, If the whole atmofphere pafled 
Vol, LXXXL G from 
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from extreme drynefs to extreme moi/iure^ the quantity of water 
thus evaporated would naC ili& the barometer as much as half 
an inch. 6th^ JLaftly, in qhemical operations on airs^ the 
greateft quantity oi evaporated water that may be fuppofed in 
them at the common temperature of the atmofphere, even if 
they were at extreme moijiure^ is not fo much as ^^^ part of 
their mafs, Thefe two laft very important propofitions, ha¥e 
been demon ftrated by M. pe Saussure. 
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